BACkgrouND: HIV and hepatitis B virus (HBV) share transmission routes, and coinfection is associated with higher morbidity and mortality. To date, no Canadian studies have examined HIV-HBV coinfection. oBJeCTIVeS: To examine the prevalence and correlates of HIV and HBV coinfections in Northern Alberta.
H
IV and hepatitis B virus (HBV) are major public health concerns. There are >70,000 Canadians living with HIV (1) . Approximately 700 new HBV infections occur in Canada annually (2) , and >300 million individuals are estimated to be diagnosed with HBV worldwide (3) . Undiagnosed reservoir populations of both infections are believed to exist in Canada (1, 4) .
Canada is a country of low endemicity for both HIV and HBV. While the prevalence of HIV is low in Canada overall, the incidence of infection is increasing among immigrants from endemic countries and men who have sex with men (1, 5) . The prevalence of HBV declined with the introduction of universal childhood vaccination in 1995 (3) . The population of individuals chronically infected with HBV in Canada is largely comprised of individuals from HBV-endemic countries in Asia and Africa, and also includes high rates in Aboriginal and high-risk lifestyle populations (2) . Prevalence rates among these populations are comparable with those of endemic areas (4) .
As a major centre for the oil industry, Northern Alberta has a unique population. There has been a recent, rapid population expansion, with population growth in Alberta being more than double the national average, in which international immigration is playing an increasing role (6) .
HIV and HBV coinfection can occur due to shared routes of transmission (7) . In areas of low HBV endemicity, such as North America and Western Europe, HIV and HBV coinfections occur primarily in immigrant populations and adult populations due to sexual and percutaneous transmission (7) . The prevalence of chronic HBV coinfection among HIV-infected individuals in areas of low HBV endemicity has been reported to range from 6% to 14% (8, 9) .
With the use of highly active antiretroviral therapy (HAART), HIV-infected individuals are living longer, and experiencing morbidity and mortality due to other causes. Coinfection with HBV is associated with increased mortality (10) and worse outcome (11) in HIV patients. HBV infections are more likely to be chronic (12, 13) and have higher infectivity (14, 15) , and there is increased loss of HBV immunity in HIV-infected individuals (16, 17) . Drug-induced toxicity may also play a role in liver disease (18) . HIV can hasten the progression of HBV-related liver disease and/or cirrhosis (19, 20) . HIVinfected individuals with lower CD4 cell counts may also be at greater risk of developing hepatocellular carcinoma (21) . Individuals coinfected with HIV-HBV are 17 times more likely to die of liverrelated causes compared with those monoinfected with HBV (22) .
Lamivudine was the only oral agent for antiviral treatment of HBV in Canada from its introduction in 1998 until 2006. While of modest efficacy, the utility of lamivudine is limited due to resistance rates of approximately 70% over four years (23) , and it is no longer recommended as monotherapy (24) (25) (26) (27) . Current Canadian guidelines on the treatment of HIV-HBV coinfection recommend treatment with HAART regimens containing two drugs active against HBV (24) . Drugs active against HBV currently used in Canada include interferons, lamivudine, adefovir, entecavir, telbivudine, tenofovir and emtricitabine (24, 28) .
HIV-HBV coinfection is a public health concern with distinct management issues, and high morbidity and mortality. There are currently no Canadian studies on the prevalence, correlates and mortality of HIV-HBV coinfections. We conducted a retrospective review on a cohort of HIV-positive patients followed between 1982 and 2010 in Northern Alberta. Our objectives were to examine the prevalence of HIV-HBV coinfection and to describe the correlates associated with coinfection in this region.
MeTHoDS

Data sources
The Northern Alberta HIV Program (NAP) Database was created in 2003 and contains information on all HIV-positive patients from a population of nearly two million individuals in Northern Alberta and parts of the Northwest Territories. All patients who test positive for HIV in this catchment area are referred to the NAP, and confirmed positive patients are entered into the database. The NAP database was created for clinical and research purposes, and has been used in several recent studies (29) (30) (31) .
The NAP database is built on the Oracle platform and each patient file contains a unique identifier as well as demographic and selected clinical information. The NAP data are obtained from charts, laboratory results and Alberta NetCare electronic health records, and are entered by clerical staff. Data entry and modification is restricted by a user profile, and it is not double entered or checked. The data are updated after patient visits, with new laboratory results and when the NAP is made aware of changes in patient status. A database analyst ensures that the database is functional, runs database queries as requested and manages database fields.
Data for the present study were extracted from the NAP database inclusive of cases entered from the index case of HIV in Alberta in 1982 to May 2010. These data were used to identify patients who were reported as having tested hepatitis B surface antigen positive (HBsAg+). Information on sex, ethnicity, age, results and dates of microbiological testing, and risk factor information was extracted for both HBsAg+ and HBsAg-negative (HBsAg−) patients from the NAP database.
The four NAP clinical sites located in Edmonton (Alberta) were visited and available charts of coinfected patients were reviewed for further information. Every attempt was made to locate all records, including from potential storage locations. Both medications and dates were recorded for HAART regimens and information was based on chart notes, prescription records and medication profiles. Laboratory investigation results specific to HBV infection and HBV-related liver disease were also recorded based on chart notes and hard-copy laboratory results filed in the chart.
Testing methods
All microbiological testing was performed at the Provincial Laboratory for Public Health (Edmonton and Calgary, Alberta), and analyzed and reported as per their protocols. Testing methodologies have changed over time; however, all HIV screening during this time period was conducted with an enzyme immunoassay (EIA). All screen-positive tests were followed by a second EIA and confirmation by Western blot.
HBsAg testing involved EIA screening followed by a confirmatory EIA. Other hepatitis B serology, including hepatitis B surface antibody, hepatitis B core antibody (anti-HBc), hepatitis B e antigen (HBeAg), and antibody to HBeAg, were tested using a single EIA. HBV DNA samples were analyzed using quantitative DNA polymerase chain reaction (PCR) and were available in Alberta from December 2003.
Hepatitis C virus (HCV) PCR samples were analyzed using qualitative RNA PCR. HCV antibody testing began in 1992; methods have varied during this time span, but involve EIA for screening and confirmation with or without a third EIA or immunoblot test.
Statistical analysis
Variables were compared between HBsAg+ and HBsAg− individuals using χ 2 or Fisher exact tests for categorical variables and MannWhitney tests for continuous variables. Multivariable logistic regression was used to identify independent demographic and risk factor correlates for HBsAg positivity and assess the impact of possible confounders such as age at HIV and HCV diagnosis. Any variables identified by univariate analysis to be associated with HBV infection at a significance level of ≤0.10 were included in multivariable analyses, as well as any potential confounding variables. If inclusion of variables did not result in meaningful changes to the coefficients or model, variables were not included in the final model. Statistical analyses were performed using Stata version 10 (StataCorp, USA). The prevalence of HBV coinfection decreased with year of HIV detection; patients with HIV infection identified between 1982 and 1987 had an HBsAg prevalence of 13.0%, while those diagnosed after 1996 had a rate of 4.2% (P<0.0001). Figure 1 presents the HIV cases tested for HBsAg according to year of HIV diagnosis and the proportion testing positive for HBsAg at any time until May 2010.
HBsAg prevalence among males was significantly higher than among females (6.8% versus 2.4%; P=0.001.) Among males, a significant correlate of HBV coinfection on univariate analysis was being a man who has sex with men (OR=1.50; P=0.03; (Figure 2) . From 1989 to 1997, the majority of HAART regimens initiated in coinfected patients did not contain any drugs active against HBV, although 23 HAART regimens were initiated in the cohort that contained lamivudine before its formal approval on the Canadian drug market, and two trial HAART regimens consisted of both lamivudine and tenofovir. After lamivudine was formally approved in 1998, the number of HAART regimens containing at least one HBV-active antiretroviral doubled. The number of regimens initiated containing at least two HBV-active antiretrovirals increased by almost 40% after 2007 and, concurrently, the number of regimens containing only one HBV active drug decreased fivefold (Figure 2) .
Liver ultrasound results were documented in 24 of 66 HBsAg+ patient charts, with 12 of 24 showing no abnormalities, four showing fatty infiltration, two showing hepatomegaly, two showing chronic hepatitis and/or fibrosis and four showing cirrhosis. Liver biopsy results were available in nine of 66 HBsAg+ patient charts, with one of nine having cirrhosis, one having acute drug-induced hepatitis, four having HBV-related liver disease (chronic hepatitis with fibrosis) and three having unrelated liver disease (granuloma, steatohepatitis).
DISCuSSIoN
We found a prevalence of HBV coinfection of 5.5% among a cohort of HIV infected individuals in Northern Alberta. This is lower than the coinfection rate of 6% to 14% previously reported in other areas of low endemicity for both HIV and HBV (8,9) but higher than estimates of 0.1% to 0.5% prevalence of HBV infection in the general population in Canada (2,4) .
The majority of coinfected males were Caucasian, while coinfected females were more likely to be of black ethnicity. The strong association with black ethnicity in females may, in part, reflect demographic changes in Alberta's HIV-positive population. Women from HIV-and HBV-endemic countries in sub-Saharan Africa represent an increasing proportion of HIV cases in Alberta (32, 33) . A recent large systematic review found an HBsAg prevalence of 15% among those both infected with HIV and from sub-Saharan Africa (34) .
Limited access to HBV vaccination remains a significant problem in developing countries, although this is improving (35) (36) (37) . As of the end of 2007, HBV vaccine had been introduced to 171 countries and an estimated 65% of the world's population, compared with 3% in 1992 (38) . Coverage is highest in the Americas at 88%, while it is 69% in Africa and 30% in Southeast Asia (38) . The decline in prevalence of HBV coinfection from 13.0% between 1982 and 1987 to 4.2% after 1996 may, in part, be attributed to the introduction of immunization programs in Canada. While the HBV vaccine is of limited use in individuals already infected with HIV due to poor immune response, completion of the vaccine series before HIV infection is an important strategy for preventing HBV coinfections (39, 40) and is best accomplished through universal vaccination at an early age. In addition, vaccination strategies for preventing HBV coinfection in HIV-infected individuals are being investigated, and benefits may be observed with alterations in vaccination dosing and scheduling (41) (42) (43) .
Despite similar HCV seroprevalence among HIV patients with and without chronic HBV coinfection, we found that the rates of persistent HCV viremia were significantly higher among HIV patients without chronic HBV infection. Thus, chronic HCV infection appeared to be less likely in HIV patients also chronically infected with HBV. This pattern may reflect a 'viral interference' phenomenon whereby one viral infection may predominate in cases of dual-or triple-infected patients (44) .
Seventy-five per cent of all deaths in both the HBV-infected and -noninfected groups occurred in those diagnosed with HIV infection before 1997. However, coinfected patients exhibited a higher proportion of death throughout the study period, particularly in the post-HAART era, when HBsAg+ patients were more than two times more likely to die than those who were HBsAg− (23.5% versus 9.5%; P<0.001). No conclusions on liver-related outcomes or causes of mortality can be made due to data limitations.
Data regarding HAART regimens was limited but suggestive of an increased use of two HBV active agents in our cohort after the introduction of the Canadian guidelines in 2007 (Figure 2 ). This may reflect greater adherence to guidelines for treatment of coinfections but may also reflect the recommendation in HIV treatment guidelines (27) to use Truvada (tenofovir/emtricitabine; Gilead Sciences Inc, USA) as the preferred backbone for HIV therapy in recent years. Analysis of differences in HAART regimens between HIV-HBV coinfected and HIV monoinfected groups was not possible with our data set and is an area for future research.
Our study had several limitations, including limited results of testing for HBV infection. Of our cohort, the 9.3% of patients of unknown HBsAg status were likely never tested for hepatitis B; therefore, unidentified coinfections may exist in our population. The very low overall rate of HBeAg and HBV DNA testing may reflect lack of documentation of these HBV markers in either the hard-copy charts (where available) or in the electronic database. These issues are similar to those reported in a Unites States study, which found that screening of HCV and HBV increased from <20% to >60% from 1998 to 2004, but that screening and vaccination were not universally conducted or, if conducted, not documented despite care guidelines promoting screening and vaccination for HBV (45) .
Due to the retrospective nature of the study and the method of data entry at the clinic, serial HBsAg+ results were not available, thus making it impossible to definitively characterize the HBV infection as chronic based on a definition of persistent HBsAg positivity over a minimum six-month period. Although less likely, it is possible that some of the patients who tested HBsAg+ had acute infections that subsequently cleared. Correlation with liver enzyme results would have been helpful to further evaluate this possibility; however, limitations to the data preclude this. In addition, because anti-HBc testing results were inconsistently available, HBsAg−/anti-HBc+ individuals were not included in our cohort as coinfected individuals. Serial HBV test results and results of other coinfections (eg, hepatitis D) would also have allowed us to characterize the infectivity of HBV in our population, and to control for potential confounders. The retrospective nature of our study also precluded estimation of HBV incidence rates; this is a potential area for future study.
We were unable to evaluate outcomes, such as complications (eg, cirrhosis) or causes of death, due to limited information in the NAP database and available charts. Patients whose charts were reviewed represented a later cohort of HIV-HBV infected patients and, thus, our observations on the treatment and management of these patients may not be generalizable to the entire cohort of coinfected patients in Alberta.
CoNCluSIoN
Our data reveal a prevalence of 5.5% of HBV coinfection in Northern Alberta HIV-infected patients, slightly lower than that reported in HIV-infected populations in other developed countries but significantly higher than rates reported in the general population in Canada. Coinfected persons were more likely to be male, and more likely to be deceased. The majority of coinfected males were Caucasian, while coinfected females were more likely to be of black ethnicity, many of whom were from HIV-endemic countries. While our observations suggest that both HBV-specific laboratory testing and treatment improved with time, it also showed a need for enhanced patient follow-up and treatment for HBV in accordance with national guidelines as well as further research regarding the outcomes of HIV-HBV coinfections. 
